INTRODUCTION
Atherosclerotic vascular disease is swiftly becoming the leading cause of morbidity and mortality worldwide. In the United States alone, approximately 13.2 million individuals suffer from documented coronary artery disease (1) . Atherosclerosis of the coronary arteries evokes the most serious clinical manifestations of this disease, including unstable angina, acute myocardial infarction, and sudden death (2) . Atherosclerosis is characterized by endothelial dysfunction, vascular inflammation, and the buildup of lipids, cholesterol, calcium, and cellular debris within the intima of the vessel walls (3) . The release of cytokines and growth factors from activated platelets and macrophages at the lesion site culminates in the heightened migratory activity of vascular smooth muscle cells (VSMCs). It is thought that VSMCs derived from the tunica media migrate towards the atherosclerotic lesion, proliferate and synthesize extracellular matrix, thereby contributing to atheroma growth. Platelet-derived growth factor (PDGF), secreted by activated platelets and lesion macrophages, is the most potent stimulus of VSMC attraction to the intima. It induces rapid downregulation of smooth muscle-selective markers in cultured VSMCs and stimulates VSMC migration in arterial injury models (4, 5) . Any strategy to inhibit VSMC migration would benefit the treatment of atherosclerosis. Although many studies have focused on the blockade of VSMC migration, no effective therapy has yet been established.
Recently, natural products and foods such as red wine polyphenols have been shown to inhibit VSMC migration (6) . In Persian traditional medicine, Sumac (Rhus coriaria) is believed to have atheroprotective effects and is consumed in some Persian dishes. This spice comes from the berries of a wild bush that grows in all Mediterranean areas. Previous studies have suggested that methanolic extracts of Rhus coriaria L. fruits may be a source of natural antioxidants (7, 8) .
Sumac is a rich source of hydrolysable tannins (9) . Tannins have been shown in vitro and in vivo to exhibit anticarcinogenic properties, such as the induction of cell cycle arrest and apoptosis as well as the inhibition of tumor formation and growth in animals (10) . Therefore, we tested tannin extracted from Sumac for its capacity to suppress VSMC migratory activity.
The present study presents a methodological approach to determining whether tannin extracted from Sumac inhibits VSMC migration without causing cell death.
MATERIALS AND METHODS
Tannin extraction from Sumac Two grams of dry Sumac (Aliments Akhavan, Montreal, Quebec) were ground using a mortar and pestle. To dissolve tannin in solvent, the ground Sumac was transferred to 50 mL Falcon tubes and 20 mL of acetone and water (7:3 ratio) was added. The collected tannin extracts were sonicated for 30 min at 4oC to break down additional materials associated with tannin. To pellet the additives and salts, the sonicated tannin extracts were centrifuged for 10 min at 2,500 rpm. The supernatants were removed from the pellets and tannin was separated from acetone in a Rota-evaporator. The extracted tannin was filtered and stored at 4oC until used. Extraction was repeated 2 more times. The pH of the extracted tannin was adjusted to 7.2 by titrating the tannin extract with 1M NaOH.
Isolation of rat carotid VSMCs and treatment with tannin
The carotid arteries of male Sprague-Dawley rats (Charles River Laboratories, St. Constant, Quebec) were excised to isolate VSMCs, as described previously (11) . Animal housing and experimentation in accordance with Canadian Council on Animal Care and NIH guidelines were approved by the local animal care committee.
The optimal tannin concentration was defined in terms of VSMC survival. VSMCs were seeded in 10 cm culture dishes, treated with different tannin concentrations contained in Dulbecco's Modified Eagle Medium (DMEM) for 10 days. The different tannin concentrations were 5%, 1%, 0.5%, and 0.1% ml of tannin extract per ml of DMEM. Cultured VSMCs in tannin-free media were used as control.
Transmembrane migration assay
Cell migration was measured in a Transwell migration apparatus (Becton Dickinson Labware, Franklin Lakes, NJ) with 8-µm pore-size, fibronectin-coated membranes. From a concentration of 100,000 per ml of rat carotid VSMCs, 200 µL were loaded in the upper chamber whereas 630 µL of cells were loaded in the lower chamber. The cultures were incubated for 2 h at 37°C. PDGF-BB (20 ng/mL) (purchased from Sigma, Montreal, Quebec) was added to the bottom wells. After 14 h, the cells remaining on the upper membrane (that had not migrated through the filter) were removed with a cotton swab. The membranes were subsequently washed with phosphate buffered saline (PBS) and cells adhered under the membrane were fixed with 2% glutaraldehyde and stained with crystal violet as previously described [12] . The data are reported as the number of VSMCs in 4 random fields/filter. Each experiment was done in triplicate.
Statistical analysis
The results are expressed as means ± S.D. The difference between groups was evaluated by 1-way ANOVA and student's t-test by 2 independent investigators in a blinded fashion. Statistical significance was accepted at P < 0.05.
RESULTS

Tannin (extracted from Sumac)-treated VSMCs exhibit lower migratory activity in response to PDGF-BB
VSMCs were treated with different concentrations of tannin for 10 days. Tannin extracts were diluted in DMEM to obtain different tannin concentrations that were added to VSMC cultures to assess survival. These concentrations (5%, 1%, 0.5%, and 0.1%) were randomly chosen. Both 5% and 1% tannin extracts evoked considerable cell loss (the majority of cells were shrunk and fragmented with many dead cells floating) and were considered to be toxic. The optimal dilutions, 0.5% and 0.1% tannin extracts, did not elicit significant cell loss compared to cells without tannin treatment. (The cells were well stretched and appeared healthy and attached to the dish) After 10 days of tannin treatment, VSMCs were loaded at the top of Transwell transmembrane inserts and at the bottom of the wells. PDGF-BB (20 ng/mL) was added to the bottom of the wells to stimulate VSMC migration through pores of the inserts. Migrated cells were counted under light microscope 14h after addition of PDGF-BB. The 0.1% tannin extract group did not yield any difference. The average migration (based on light microscopy) was 55 cells in the absence of tannin (with standard deviation of 3.4), 54 cells in the Vol. 11 No. 2 presence of 0.1% tannin extract (with standard deviation of 4.5), and 17 in the presence of 0.5% tannin extract (with standard deviation of 1.9). Repeated experiments showed a similar pattern. These data are shown in Figure 1 . The results demonstrate that the addition of optimal dose of tannin extract inhibited VSMC migration by 62%.
No difference in cell viability between tannintreated and control cells
It was possible that the reduced number of migrated cells was due to toxicity of the product. To rule out any possible toxicity and cell death, cells at the bottom of the wells were also counted. No difference between the tannin-treated and untreated groups was found in the number of cells seeded at the bottom of the wells, confirming that the observed reduction in the number of migrated cells was not due to cell loss.
DISCUSSION
Numerous studies have reported that VSMC accumulation plays a major role in the pathogenesis of occlusive vascular diseases (12, 13) . The results of recent studies suggest that antioxidants can cure or prevent atherosclerosis (14, 15) . Tannin and its derivatives are strong antioxidants and it is known that antioxidants can inhibit mechanisms leading to VSMC migration (16, 17) .
In the present work, we investigated Sumac, a rich source of tannin (9) , and its ability to inhibit VSMC migration. Pure tannin extracted from Sumac by analytical chemistry reduced VSMC migration at an optimal dosage. We found that at an optimal dose, pure tannin extracted from Sumac reduced VSMC migration by 62%.
Red wine is also a source of tannin. It has been reported that the consumption of red wine, which owes its antioxidant properties to tannin, imparts benefits in the prevention of early atherosclerosis (18) . Several epidemiological studies have shown a negative association between moderate wine consumption with the risk of cardiovascular events (19) . A recent study has demonstrated that red wine polyphenols inhibit VSMC migration (6) . However, there is a difference between the tannins present in Sumac and those in wine. Tannins are divided into 2 major classes: hydrolysable and condensed. Condensed tannins are not susceptible to cleavage by hydrolysis, are larger than hydrolysable tannins and their large size precludes absorption, suggesting that they are unlikely to have many health effects (20) . In contrast to the condensed tannin from red wine (20) , tannin extracted from Sumac is hydrolysable (21) and therefore may be easier to digest and absorb. Also, while high alcohol consumption results in high blood pressure (hypertension) and has a positive correlation with esophageal cancer (22) , no negative side effects have been reported for Sumac. Other studies of tannin derivatives, including the one by Ignarro et al. (23) , have shown that pomegranate juice can increase nitric oxide, thereby reducing the process of atherosclerosis. Interestingly, tannin from pomegranate juice is also hydrolysable. These results imply that Sumac, through it hydrolysable tannins, presents a preventative modality for the development of atherosclerosis. Further investigation is needed, to establish the in vivo significance of our in vitro findings.
One limitation of this study is the use of rat VSMCs instead of human VSMCs. Moreover, it would have been worthwhile to investigate and compare the effect of other tannin sources including red wine and pomegranate juice.
In summary, this is the first report demonstrating that tannin extract from Sumac has an inhibitory role on the migration of VSMC and thus suggests an atheroprotective role for this chemical. However, in vivo investigations are warranted to examine Sumacderived tannin compared to the tannin derived from other products.
